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Abstract. A sample of 267 patients with maxillary hyperplasia, a Class I or Class 
II/I occlusion and anterior vertical open bites, collected from three different 
institutions, was analysed regarding stability after surgical corrections. Skeletal 
and dento-alveolar stability of the maxilla, and positional changes of the 
mandible and of the incisors were evaluated. All patients underwent Le Fort I 
intrusion osteotomies and in 92 patients segmentation of the maxillae was 
performed. An additional bilateral sagittal split advancement osteotomy was 
performed in 123 patients. Intraosseous wire fixation was used in 153 patients 
and rigid internal fixation in 114 patients. Cephalometric radiographs were 
collected before orthodontic treatment, before surgery, immediately after surgery, 
one year postoperatively and at the latest follow up. The mean follow up was 69 
months (range 20-210 months).
It can be concluded that patients with anterior open bites, treated with a Le Fort 
I osteotomy in one-piece or in multi-segments, with or without bilateral sagittal 
split osteotomy, exhibited good skeletal stability of the maxilla. Rigid internal 
fixation produced the best maxillary and mandibular stability. The mean overbite 
at the longest follow up was 1.24 mm and a lack of overlap between opposing 
incisors was present in 19%. The overbite did not differ significantly between the 
different treatment procedures, probably due to compensatory movements of the 
mandibular and maxillary incisors.
Key words; open bite; cephalometric analysis; 
orthognathic surgery; Le Fort I osteotomy; 
maxillary segments; rigid fixation; wire 
fixation; mandibular osteotomy; sagittal split 
osteotomy.
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Surgical-orthodontic correction of an­
terior open bite deformities is known to 
be more difficult and less predictable 
than that of other dentofacial deform­
ities. Variable rates of relapse have been 
reported after surgery15,17,24,43. Relapse
has a skeletal and dento-alveolar com­
ponent and its aetiology is considered 
to be multifactorial.
General skeletal morphologic fea­
tures of open bite deformities with a 
Class I or Class II occlusion are: in­
creased mandibular plane angle; in­
creased anterior facial height; increased 
lower anterior facial height; increased 
maxillary and mandibular posterior 
dento-alveolar height; and divergent oc­
clusal planes9,23. In severe anomalies of
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this type, a functionally and esthetically 
acceptable result cannot be attained by 
orthodontic treatment alone9,11,12,23. 
Surgical orthodontic treatment plan­
ning should not only be based on skel­
etal assessment of the deformity12, but 
also on posttreatment stability44. The 
preferred surgical treatment has moved 
over the years from mandibular osteo­
tomies, including segmental osteo­
tomies, to maxillary procedures14. At 
present, surgical superior repositioning 
and tilting of the maxilla, with or with­
out bilateral mandibular ramus osteo­
tomies, is usually the treatment of 
choice2,13. A Le Fort I intrusion osteo­
tomy and tilting is preferred in patients 
with only maxillary, posterior dento- 
alveolar hyperplasia. A Le Fort I in­
trusion osteotomy, with an additional 
advancement of the mandible using a 
bilateral sagittal split osteotomy 
(BSSO), is recommended for patients 
with maxillary, posterior dentoalveolar 
hyperplasia and mandibular hypo­
plasia6,12,44. Procedures involving a Le 
Fort Í osteotomy render more stable 
and predictable results than those ob­
tained with only mandibular ramus 
osteotomies6,13,20,31 >33’39>41 >49, Some 
studies have shown that bimaxillary 
osteotomies resulted in less mandibular 
but more maxillary relapse than in each 
of the separate osteotomies6,20, while 
others have reported a comparable re­
lapse tendency19,45.
In earlier years, maxillary osteo­
tomies were stabilized with intraosseous 
wires with or without infraorbital, cir- 
cumzygomatic, or piriform rim suspen­
sion wires16,25’30,36, while mandibular 
ramus osteotomies were stabilized by 
superior and inferior border wiring42. 
In the 1980s, rigid fixation techniques 
using miniplates and/or screws were in­
troduced to reduce postsurgical re­
lapse19,28,34,35,47. Many studies have 
been published on changes in maxillary
position during and following or- 
thogna thic surgery3,4,7,9,1 °>16’1 s,28,33,49
However, most of them did not take 
into account either the skeletal diag­
nosis on which the treatment was based 
or the quantification of magnitude and 
direction of changes.
B ish a r a  et al 4 determined retrospec­
tively the stability of the Le Fort I 
osteotomy after one-piece maxillary im­
paction and wire fixation in 31 patients, 
who had characteristics of vertical 
maxillary hyperplasia. Twelve of these 
patients also had a vertical anterior 
open bite. They found that after initial
surgical superior repositioning, the 
maxilla continued to move superiorly 
and most of the upward movement oc­
curred during the period of fixation.
P r o ff it  et al.33 reported good sta­
bility in 61 patients with long faces, 
who underwent at least 2 mm superior 
repositioning of the maxilla by a Le 
Fort I osteotomy, stabilized with in­
traosseous wires. Only 6.5% had a 2 
mm or greater downward change as 
measured from skeletal and dental 
landmarks at one year postsurgery 
B a iley  et al,1 reported a five-year fol­
low up in 49 of 61 patients earlier re­
ported33. Sixteen of these 49 patients 
had a vertical anterior open bite before 
treatment. It appeared that long-term 
skeletal and dental changes had oc­
curred. Patients with changes during 
the first postsurgical year were not 
prone to long-term changes. They 
found no indication that orthodontic 
treatment, maxillary segmentation, age 
of the patients, additional genioplasty 
01* suspension wires were risk factors in 
relation to long-term stability. K a h n - 
b e r g  et al.24 analysed the stability of Le 
Fort I osteotomies in 19 patients with 
anterior open bites after 18-month fol­
low up. No significant difference was 
found between groups in which wire 
fixation or rigid fixation was used to 
stabilize the maxilla.
Studies on stability of the maxilla 
after bimaxillary osteotomies have pro­
vided various results6, i0,i5’25,29-32,38,45 
Tu r v e y  et a I,45 reported on 53 patients 
who underwent simultaneously a Le 
Fort I intrusion osteotomy and BSSO 
of the mandible, with stabilization 
achieved with intraosseous wires, skel­
etal suspension wires and intermaxil­
lary fixation. All patients had a vertical 
maxillary hyperplasia and mandibular 
hypoplasia, and 31 patients had an an­
terior open bite. There was a tendency 
towai'ds posterior and inferior rotation 
of the maxillomandibular complex after 
at least one year (mean follow up: 2.4 
years). This pattern of change began 
immediately postoperatively and con­
tinued for approximately one year. 
After one year, most patients remained 
skeletally and dentally stable in the 
maxilla, but continued mandibular 
change was observed. Of the patients 
who underwent a bimaxillary osteo­
tomy, fewer had changes greater than 2 
mm in the maxillary landmarks, than 
patients who underwent only a Le Fort 
I osteotomy33,47. M c C a n c e  et al.32 re­
ported 011 ten Class II patients with a
long face, high mandibular plane angle 
and anterior open bite, who underwent 
bimaxillary surgery. All patients had in­
traosseous wire fixation. They found 
variable relapse one year after maxillary 
intrusion. K r e k m a n o v  et al.25 reported 
on 15 patients who underwent a bi­
maxillary osteotomy, using intraosseous 
wire osteosyntheses but without inter­
maxillary fixation. They found good 
stability after a one-year follow up. L e l - 
l o 30 determined the stability of bi­
maxillary osteotomies in ten patients 
with anterior open bites. Skeletal re­
lapse was found in two out of eight pa­
tients with a Class I or II. Although the 
use of wire fixation provided satisfac­
tory results, the use of rigid internal 
fixation appeared to render better 
stability after bimaxillary osteo­
tomies15,29,38. S a tr o m  et al38 reported 
on 35 patients with vertical maxillary 
hyperplasia and mandibular hypoplasia 
who underwent a Le Fort I intrusion 
osteotomy combined with BSSO. They 
compared stability using rigid fixation 
(^=26) versus wire fixation («=9). The 
maxilla was relatively stable with both 
fixation techniques and showed no sig­
nificant differences, however, mandibles 
in the rigid fixation group were more 
stable during a 15-month follow-up 
period.
The tendency for the mandible and 
the maxilla to relapse seems to decrease 
when using rigid fixation6,29, however, 
dento-alveolar changes may result in 
posttreatment instability17,30,32. Studies 
on skeletal and dento-alveolar stability 
in a large group of patients with an 
open bite deformity are not available.
The purpose of this study was to 
evaluate a large group of patients, who 
underwent surgical-orthodontic correc­
tion of anterior skeletal open bite.
The following parameters were as­
sessed:
1. Skeletal and dentoalveolar stability 
of the maxilla following Le Fort I in­
trusion osteotomy, with or without a 
mandibular ramus osteotomy.
2. Positional changes of the mandible 
following only Le Fort I intrusion 
osteotomy.
3. Positional changes of the mandible 
following Le Fort I intrusion osteo­
tomy combined with a mandibular 
ramus osteotomy.
4. Positional changes of mandibular 
and maxillary incisors and their in­
terincisor relationship,
5. Influence of pre- and/or postopera­
tive orthodontic treatment, a simul­
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Table 1. Overview of treatment characteristics
Fixation Genioplasty Orthodontics Institution
Type of osteotomy wire rigid yes no yes 110 Nymegen Arnhem Amsterdam All
Le Fort I (one-piece) 51 26 34 43 65 12 18 16 43 77
Le Fort I (multi-segm.) 49 18 34 33 32 35 38 20 9 67
Le Fort I (one-piece)+ BSSO 37 61 56 42 89 9 11 19 68 98
Le Fort I (multi-segm.)+BSSO 16 9 12 13 17 8 5 17 3 25
All 153 114 136 131 203 64 72 72 123 267
BSSO: Bilateral sagittal split osteotomy
taneously performed mandibular 
ramus osteotomy and/or genioplasty, 
maxillary segmentation, and type of 
osteosynthesis on skeletal and dento- 
alveolar stability.
Materia! and methods
Patient selection
Patients included in this study;
1. had originally a Class I or Class II/l oc­
clusion combined with an anterior open 
bite, i.e. no vertical overlap of the central 
incisors, measured parallel to the man­
dibular occlusal plane.
2 . had no history of trauma.
3. did not have amelogenesis imperfecta, or 
a presently known craniofacial syndrome.
4. underwent a Le Fort I osteotomy with 
posterior intrusion with or without a 
mandibular ramus osteotomy and/or 
genioplasty.
5. had cephalometric radiographs available 
preoperatively, immediately after surgery 
and in a later postoperative period.
6 . had a minimum of one-year follow up 
after active orthodontic treatment.
A group of 267 patients (210 females and 
57 males) fulfilled the selection criteria. The 
mean age of the patients before treatment 
was 23.6 years (mnge 14.3-45.5 years). 
Surgery was performed either in the depart­
ment of Oral and Maxillofacial Surgery of 
the University Hospital, Nijmegen (/j=72), 
the Rijnstate Hospital, Arnhem (n—12) or 
the Free University Hospital, Amsterdam 
(/?=123). Orthodontic treatment to align the 
dental arches was combined with surgery in 
203 patients.
Le Fort I osteotomy only was performed 
in 144 patients. After downfracturing of the 
maxilla, the appropriate amount of bone was 
removed at the lateral and lfiedial sinus wall 
and the nasal septum to allow for the 
planned intrusion, as described by E p k e r13. 
The maxilla was cut in two or more pieces to 
achieve a proper occlusion in 92 out of 267 
patients. A Le Fort I osteotomy was com­
bined with a bilateral mandibular sagittal 
split advancement osteotomy in 123 patients. 
Maxillary segmentation in these bimaxillary 
osteotomies was performed in 25 patients. 
An additional genioplasty to improve facial 
harmony was performed in 136 patients 
(Table 1).
According to the type of internal fixation, 
patients were divided into a ‘wire fixation’ 
group and a ‘rigid fixation’ group. In the 
wire fixation group (»=153), intraosseous 
wires were used for stabilizing maxillary and/ 
or mandibular osteotomies. Suspension wires 
using the piriform aperture or the zygomatic 
arch were used in almost all cases in this 
group. The period of intermaxillary fixation 
(IMF) was 4-6 weeks. In the rigid fixation 
group (/? = 114), mini- or microplates were 
used in the maxilla. Maxillary fixation with 2 
wires and 2 plates was considered to be semi­
rigid, however, this type of fixation was 
classified as rigid when IMF was omitted. 
Rigid fixation to stabilize the mandibular 
osteotomies was carried out with either mini­
plates37 or positional screws5.
Method of analysis
Lateral cephalometric radiographs were 
taken before orthodontic treatment (Tl), 
preoperatively (T2), immediately postopera- 
tively (T3), 6-19 months postoperatively (T4) 
and 20-210 months postoperatively (T5), i.e. 
at the last follow up (Table 2). The mean fol­
low up was 69 months. The radiographs were 
taken with the patient oriented to the Frank­
fort Horizontal plane with the teeth in cen­
tric occlusion and the lips at rest. The one- 
year postoperative cephalometric radiograph 
(T4) was traced first, followed by T5, T3, T2 
and Tl. The radiographs were superimposed
on sella, nasion, anterior and posterior cra­
nial base using the "best-fit" method. The co­
ordinates of 38 landmarks on each tracing 
were recorded with a digitizer (Hitachi®) and 
converted into linear and angular measure­
ments by a software program made by one of 
the authors (S.J.A.M.N.). The cephalometric 
tracings were made and digitized by the first 
author. Linear and angular variables were 
measured for skeletal and dento-alveolar 
analysis.
A horizontal reference line (S’N) was con­
structed using a line through Nasion rotated 
7° from the Sella-Nasion line8. This horizon­
tal reference line approximates the Frank- 
forter Horizontal plane and, therefore, is a 
correction for canting of the anatomic S-N 
line. The selected maxillary landmarks were: 
A point, Anterior Nasal Spine (ANS), Pos­
terior Nasal Spine (PNS), the incisal edge of 
the maxillary central incisor (+li), the apex 
of the maxillary incisor (-Ha), the mesio- 
buccal cusp tip of the maxillary first molar 
(+ 6). The selected mandibular landmarks 
were: B point, Menton (Me), Gonion (Go), 
the incisal edge of the mandibular central in­
cisor ( - l i) ,  the apex of the mandibular in­
cisor ( - la ) ,  the mesiobuccal cusp tip of the 
mandibular first molar ( - 6). The used lines 
or planes were: Horizontal reference line 
(S’N), Sella-Nasion line (SN), Palatal Plane 
(PP) i.e ANS-PNS, Occlusal Plane (OP) i.e. 
— li-—6 , Mandibular Plane (MP) i.e. Me-Go 
(Fig, 1). The dental and skeletal landmarks
Table 2. Number of available cephalometric radiographs (N) at the different time moments 
and time intervals and the corresponding follow-up periods. The follow up is related to the 
moment of surgery
Moment/
t
interval
k
n
Follow
mean
(months)
up
range Period
Tl 168 -19 ( - 9 0 - 1 )
T1-T2 160 preoperative
T2 259 - 3 ( - 1 3 - 1 )
T2-T3 259 intraoperative
T3 267 0 (0-3)
T3-T4 239 early postoperative
T4 239 13 (6-19)
T4-T5 234 late postoperative
T5 * 262 69 (20- 210)
T3-T5 262 overall postoperative
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Fig, I. Cephalometric landmarks, planes and measurements used to evaluate maxillary sta> 
bility and positional changes of the mandible.
were used to establish the following linear 
and angular measurements in maxilla and 
mandible. Horizontal maxillary movements 
were assessed by the angular variables S-N- 
A and SN-PP. Vertical maxillary movements 
were measured by linear variables -fli/S’N 
and H-6/S’N. Vertical dental movements were 
measured by linear variables + li/PP and + 6/
PP (Fig. 2).
The two-dimensional position of the man­
dible was assessed by angular variables S-N- 
B, PP-OP, PP-MP and OP-MP.
The inclination of mandibular and maxil­
lary incisors was measured by angular vari­
ables -T-MP, +1-PP and —1-+1. Overbite is 
the distance between two lines drawn from 
+ li and - l i  parallel to S*N. Overjet is the 
distance between two lines drawn from -f-li 
and - l i  perpendicular to S’N. Linear and 
angular changes in horizontal and vertical di­
rections were measured for the consecutive 
time intervals: T1-T2, T2-T3, T3-T4, T4-T5, 
T3-T5. The corresponding intervals were, re­
spectively, the preoperative period, the intra­
operative period, the early postoperative 
period, the late postoperative period and the 
overall postoperative period. In patients who 
underwent active orthodontic treatment, the
appliance was removed within the first post­
operative year.
Statistical analysis
Statistical analysis was performed with SPSS 
(version 4.1 for IBM). The accuracy of land­
mark identification, superposition and meas­
urements were evaluated by retracing three 
cephalometric radiographs at intervals T2,T3 
and T4 of 19 randomly selected patients mix­
ed over the three institutions. The error of 
method was determined by comparing all 
variables on the 57 corresponding radio­
graphs, at different periods and correspond­
ing time intervals. Correction for enlarge­
ment error was necessary for some patients, 
who had cephalometric radiographs taken 
on different machines. The relative distances 
of the Sella-Nasion line were measured and 
compared. The resulting magnification ratio 
was computed and applied to all linear meas­
urements. In this study only 15 variables of 
measurements were selected and analysed 
over five time intervals. Measurements of 
postoperative movements were also examined 
to determine any effects of the independent 
variables: type of osteotomy (Le Fort I osteo­
tomy with or without BSSO), Le Fort I 
osteotomy in one- or multi-segments, type of 
fixation, genioplasty, orthodontic treatment, 
and institution where treatment was carried 
out. Differences between groups were tested 
by means of a six-way ANOVA with correc­
tion for possible confounding.
Variables obtained at the different time in­
tervals were used to analyse the differences 
between the groups.
Results
The reliability of the measurements 
showed correlation coefficients between 
0.976 and 0*998, indicating high meas­
urement reliability. There were not 
enough significant variables found in 
the ANOVA for orthodontic treatment 
and genioplasty, taking into account the 
75 tests (15 variables in 5 intervals). The 
patient sample in this study was not di­
vided equally over the different insti­
tutions. Significant variables, however, 
were not specifically related to one par­
ticular institution. The results were 
nevertheless corrected for possible con­
founding. The presentation of the re­
sults will, therefore, be limited to type 
of osteotomy, segmentation of maxilla 
and type of fixation, since the tests re­
lated to these parameters showed a suf­
ficient number of significances. No sig­
nificant two-way interactions were 
found between different combinations 
of variables: type of osteotomy, segmen­
tation of maxilla, type of fixation and 
institution giving treatment.
Cephalometric measurements refer 
to maxillary movements, mandibular 
position, and position of mandibular 
and maxillary incisors.
Maxillary movements
The mean changes of some variables 
concerning maxillary measurements in 
all patients are listed in Table 3. The 
vertical displacement of the maxillary 
incisors is due to extrusion of these 
teeth in the preoperative orthodontic 
period (T1-T2). The mean posterior 
maxillary surgical intrusion exceeded 
anterior maxillary surgical intrusion 
(T2-T3) and therefore, the palatal plane 
canted 4.08°. The S-N-A angle in­
creased 1.11° due to this clockwise tilt­
ing and advancement of the maxilla. 
Post operatively, the palatal plane and S- 
N-A declined respectively 0.21° and 
0.18° (T3-T5). This skeletal relapse in 
horizontal direction was particularly 
seen in the early postoperative period 
and became less pronounced in the late
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Fig. 2. Cephalometric landmarks and linear and angular measurements used to evaluate 
dento-alveolar changes, overbite (OB) and overjet (OJ).
postoperative period. The anterior and 
posterior maxillary downward move' 
rrients were respectively 0.28 mm and 
0.52 mm during the overall post-operat- 
ive period. The anterior maxillary 
downward movement was only 0.06 mm 
in.' the early postoperative period, how­
ever, it increased to 0.22 mm in the late 
postoperative period. The correspond­
ing extrusion of maxillary incisors was 
0.02 mm during the early postoperative 
period and 0.06 mm in the late post­
operative period. The posterior maxil­
lary downward movements were 0.15 
mm in the early postoperative period 
and 0.38 mm in the late postoperative 
period. The extrusion of maxillary mo­
lars was respectively 0.04 mm and 0.21 
mm in the corresponding time intervals.
The mean changes of maxillary 
measurements after Le Fort I osteo­
tomy only, versus a bimaxillary osteo­
tomy, were statistically not significantly 
different preoperatively 'and intraopera- 
tively (Table 4). The horizontal skeletal 
movements were not significantly differ­
ent postoperatively. The overall anterior 
maxillary downward movements and 
extrusion of incisors after a bimaxillary 
osteotomy, were significantly more than 
after a Le Fort I osteotomy only. In the 
late postoperative period, the posterior 
maxillary downward movements and 
extrusion of molars after a bimaxillary 
osteotomy were significantly more than 
those after a Le Fort f only. The overall 
displacements in the two groups, how­
ever, were not significantly different.
The effect on stability of segmen­
tation of the maxilla in the Le Fort I 
procedure is shown in Table 5, The vari­
ables in the two groups were not sig­
nificantly different in the preoperative 
period. The anterior and posterior su­
perior repositioning and the advance­
ment of the maxilla in the one-piece Le 
Fort I group were significantly more im­
portant. The results in the early post­
operative and the late postoperative 
period were not statistically different, 
except for significantly more extrusion 
of maxillary molars following a Le Fort 
I osteotomy with segmentation in the 
late postoperative period.
The effects of intraosseous wire fix­
ation versus rigid fixation on the sta­
bility of the maxilla following a Le Fort 
I osteotomy is presented in Table 6. 
Changes in variables were not signifi­
cantly different in the two groups pre- 
operatively. The group with rigid fix­
ation underwent more maxillary ad­
vancement (S-N-A) during surgery. 
Surgical superior repositioning of the 
maxilla was carried out more in the 
wire fixation group. The S-N-A angle 
declined significantly more in the rigid 
fixation group in the early postopera­
tive period, In the same period, the wire 
fixation group showed a tendency to 
more anterior upward movements, 
whereas the rigid fixation group showed 
some downward movements. The dif­
ferences were, however, not statistically 
significant. The maxillary downward
Table 3. Mean changes of maxillary measurements in all patients
Time intervals 
(« )
T t
77 =
-To
160
T2
n~
-t 3
259
t 3
n—
- t 4
239
t 4
n =
- t 5
234
t 3
n=
- t 5
262
t 2
n=259
t 5
/t=262
mean sd mean sd mean s d mean . s d mean sd mean s d mean sd
SN-PP (°) 0.06 0.57 4.08 3.39 -0.16 0.84 - 0.02 0.85 - 0.21 1.14 6.34 3.49 10.11 4.50
S-N-A n -0.05 0.45 1.11 1.76 - 0,10 0.42 -0.06 0.37 -0.18 0.53 79.19 4.32 80.20 4,32
+ l/S 'N (mm) 0.48 1.33 -1.19 3.01 0.06 0.77 0.22 0.63 0.28 0.90 85.74 6.02 84.83 5,68
+ 1/PP (mm) 0.47 1.15 -0.45 1.80 0.02 0.74 0.06 0.76 0.09 0.96 32.49 3.65 32.21 3.31
-f- 6/S1 N(mm) 0.14 0.73 -3.40 2.08 0.15 0.71 0.38 0.70 0.52 0.96 80.33 5.21 77.48 5.11
+ 6/PP (mm) 0.20 0.60 -0.58 1.36 0.04 0.54 0.21 0.70 0.24 0.86 26.66 2.92 26.36 2.76
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movements and extrusion of incisors 
and molars, however, were significantly 
more in the wire fixation group in the 
late postoperative period.
Mandibular position
The mean positional changes of the 
mandible in all patients are listed in 
Table 7. The S-N-B angle decreased 
0.15°, the divergence between PP and 
OP increased 0.24° and between PP and 
MP increased 0.06° pre-operatively, 
Counterclockwise rotation and/or ad­
vancement of the mandible resulted in 
a 2.74° increase of S-N-B. The palatal 
plane, occlusal plane and the mandibu­
lar plane showed declining mutual di­
vergences due to surgery. The S-N-B, 
PP-OP and PP-MP angles increased 
again in the early and late postoperative 
periods.
The mean changes of mandibular 
measurements after an isolated Le Fort 
I osteotomy versus a bimaxillary osteo­
tomy are fisted in Table 8. In the pre­
operative period, the variables in the 
two groups were not significantly differ­
ent. The S-N-B angle increased signifi­
cantly more in the bimaxillary group 
due to the mandibular advancement, 
however, it decreased during the early 
postoperative period and continued in 
the late postoperative period. The intra­
operative PP-OP angle reduction was 
significantly more in the bimaxillary 
group, however, no significant differ­
ences were found between the two 
osteotomy types in the postoperative 
periods. The increase of divergence be­
tween the palatal plane (PP) and the 
mandibular plane (MP) in the bimaxil­
lary group was significantly more in the 
early postoperative period. These statis­
tically significant differences disap­
peared in the late postoperative period.
The mean changes of mandibular 
measurements after a one- piece or mul­
ti-segment Le Fort I osteotomy are 
listed in Table 9. The one-piece Le Fort 
I showed a significantly greater increase 
of S-N-B. No differences could be 
found post operatively. The PP-OP
angle declined significantly more in the 
one-piece Le Fort I group in the early 
post-operative period. The PP-MP 
angle was not significantly different in 
either time interval.
The effects of internal wire fixation 
or rigid fixation are presented in Table 
10, The variables were not significantly 
different in the preoperative period or 
in the intraoperative period. The sig­
nificant decline of S-N-B was noticed in 
the wire fixation group in the early 
postoperative period. The PP-OP angle 
increased significantly in the wire fix­
ation group in the same period. The di­
vergence between PP and MP increased 
significantly more in the wire fixation 
group as compared with the plate 
group in the early and late postopera­
tive periods.
Mandibular and maxillary incisors
The mean positional changes of man­
dibular and maxillary incisors in all pa­
tients are listed in Table 11. The pre­
operative orthodontic treatment re­
sulted in a 1.93° retrusion of the 
maxillary incisors, and a 0.52° pro­
trusion of the mandibular incisors. The 
interincisor angle increased by 1.35°, 
the negative overbite was reduced by
0,32 mm, and the overjet was reduced 
by 1.11 mm. A more upright position 
of the maxillary incisors, increased in­
terincisor angle, reduced overjet and 
positive overbite were created intra- 
operatively. The maxillary incisors pro­
truded gradually postoperatively. The 
inclination of the mandibular incisors 
remained unchanged. Consequently, the 
interincisor angle decreased, the overjet 
increased, and the positive overbite de­
creased in the early and late postopera­
tive periods.
The mean changes in interincisor re­
lationship after a Le Fort I osteotomy 
and after a bimaxillary osteotomy are 
compared in Table 12. The protrusive 
movement of the mandibular incisors 
increased in the Le Fort I group, but 
decreased in the bimaxillary group pre- 
operatively. The relapse overbite was
not significantly different in the two 
groups, however, the relapse of overjet 
was more in the bimaxillary group. The 
protrusion of the mandibular incisors 
increased by 0.22° in the Le Fort I 
group, and declined by 0.56° in the bi­
maxillary group in the late postopera­
tive period.
The effects of segmentation of the 
maxilla on the position of the maxillary 
incisors are shown in Table 13. The seg­
mentation group and the one-piece Le 
Fort I group did not show significant 
differences preoperatively. Segmen­
tation of the maxilla resulted in a more 
upright position of the maxillary in­
cisors. The mandibular incisors showed 
significantly more protrusion, and the 
overbite showed significantly more re­
lapse, in the one-piece Le Fort I osteo­
tomy in the early postoperative period 
compared to the multi-segment Le Fort 
I osteotomy.
The group that was stabilized with in- 
traosseous wires, was compared with the 
group in which rigid internal fixation 
was used (Table 14). More protrusion of 
the mandibular incisors was reached pre- 
operatively in the rigid fixation group, 
The negative overbite, however, was 
more reduced in the wire fixation group 
preoperatively. Except for the overall in­
crease of overjet in the group that was 
treated with wire fixation, other dento- 
alveolar changes were not significantly 
different postoperatively.
The mean overbite after a 69-month 
follow-up period was 1.24 mm. A lack­
ing vertical overlap between opposing 
central incisors was present in 19% of the 
patients. No statistically significant dif­
ferences between the different groups 
were found in a two-way analysis for 
overbite,
Discussion
Cephalometric analyses of patients un­
dergoing surgical-orthodontic treatment 
are fraught with problems related to 
identification of landmarks. Landmarks 
can be altered by orthodontic treatment, 
by surgery and by bone remodelling. It is
Fig. 3 A~C. Preoperative frontal and profile views and occlusion of patient with maxillary posterior hyperplasia, mandibular hypoplasia and 
anterior open bite,
Fig. 3 D-F  Postoperative views 6 months after Le Fort I intrusion osteotomy and tilting combined with bilateral sagittal split advancement 
osteotomy and advancement genioplasty. Maxillary and mandibular osteotomies have been stabilized with intraosseous wire osteosyntheses 
and circumzygomatic suspension wires. Facial harmony and occlusion have been improved.
Fig. 3 G-7. Postoperative views 5  ^years after surgical correction. Interdigitation has deteriorated, overbite decreased, overjet increased, while 
facial features did not change.
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Table 4. Mean changes of maxillary measurements after Le Fort I osteotomy versus bimaxillary osteotomy
Tj - t 2 t 2- t 3 t 3- t 4 * t 4-■t5 T r■T5
Time intervals 
osteotomy 
(«)
I
(88)
B
(72)
i
(138)
B
(121)
I
(124)
B
(115)
I
(122)
B
(112)
I
(142)
B
(120)
mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
SN-PP (°) 0.12 0.01 0.56 NS 3.09 4.28 3.39 NS -0.25 -0.07 0.84 NS -0.09 0.03 0.87 NS -0.34 -0.06 1.14 NS
S-N-A (°) -0 .04 -0.09 0.47 NS 0.90 1.35 1.66 NS - 0.12 - 0.10 0.42 NS -0.09 -0.05 0.38 NS - 0.22 -0.15 0.52 NS
+  1/S'N (mm) 0.60 0.33 1.33 NS -1.09 -1.33 2.91 NS -0.07 0.22 0.78 * 0.14 0.31 0.62 * 0.07 0.53 0.88 **
+ 1/PP (mm) 0.55 0.39 1.15 NS -0.50 -0.40 1.78 NS -0.07 0.13 0.75 NS 0.02 0.12 0.75 NS -0.04 0.27 0.96 *
-l-ô/S’N (mm) 0.18 0.11 0.75 NS -3.40 -3 .42 2.02 NS 0.15 0.14 0.73 NS 0.28 0.49 0.68 * 0.42 0.64 0.97 NS
+ 6/pp (mm) 0.21 0.20 0.60 NS -0 .74 -0.40 1.22 NS 0.06 0.02 0.56 NS 0.11 0.34 0.66 * 0.15 0.37 0.85 NS
NS: Not significant. *: .PC0.05. **: i><0 .01 . I: Le Fort I osteotomy. B: Bimaxillary osteotomy.
Table 5. Mean changes of maxillary measurements after one-piece Le Fort I osteotomy versus multi-segment Le Fort I osteotomy
T,-- t 2 t 2-t 3 t 3-t 4 T4-■t5 T rM 9-Ts
Time intervals one- multi- one- multi- one- multi- one- multi- one- multi-
segments (94) (66) (173) (86) (155) (84) (151) (83) (171) (91)o
(«) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
SN-PP O 0.16 -0.06 0.56 NS 4.08 4.07 3.39 NS -0.16  --0.16 0.84 NS -0.08 0.06 0.87 NS -0.27 - 0.11 1.14 NS
S-N-A O -0.03 - 0.10 0.47 NS 1.37 0.59 1.66 ** -0 .14  --0.05 0.42 NS -0.07 -0.07 0.38 NS - 0.20 -0.17 0.52 NS
-f 1/S 'N (mm) 0.55 0.38 1.33 NS -1.83 0.06 2.91 ** 0.11 -- 0.01 0.78 NS 0.24 0.19 0.62 NS 0.34 0.17 0.88 NS
+ 1/PP (mm) 0.47 0.49 1.15 NS - 0.66 -0.03 1.78 * 0.04 0.01 0.75 NS 0.04 0.12 0.75 NS 0.09 0.13 0.96 NS
+ 6/S*N (mm) 0.19 0.23 0.03 NS -3.66 -2.91 2.02 * 0.21 0.04 0.73 NS 0.32 0.49 0.68 NS 0.52 0.52 0.97 NS
+ 6/PP (mm) 0.27 0.13 0.60 NS -0.36 -1.03 1.33 ** 0.06 0.00 0.56 NS 0.09 0.46 0.66 ** 0.15 0.44 0.85 *
NS: Not significant. *: P<0.05. **: .PC0.01.
Table 6. Mean changes of maxillary measurements after Le Fort I osteotomy with intraosseous wire fixation versus rigid internal fixation
T r - t 2
f
t 2-■t3 t 3-t 4 t 4--Ts Tv- t 5
Time intervals vVF RF WF RF WF RF
- WF RF WF RF
fixation (92) (68) (147) (112) (136) (103) (136) (98) (153) (109)
(«) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
SN-PP (°) 0.03 0.13 0.56 NS 4.01 4.18 3.39 NS -0.17  --0.14 0.84 NS -0.04 - 0.01 0.87 NS - 0.20 - 0.22 1.14 NS
S-N-A (°) - 0.02 - 0.11 0.47 NS 0.81 1.50 1.66 ** -0 .06  --0.18 0.42 * -0 .06 -0.08 0.38 NS -0.13 -0.28 0.52 *
+ 1/S‘N (mm) 0.57 0.36 1.33 NS -1 .55  --0.74 2.91 * - 0.02 0.13 0.78 NS 0.35 0.04 0.62 ** 0.38 0.14 0.88 *
+ 1/PP (mm) 0.57 0.36 1.15 NS -0.61 --0.24 1.78 NS - 0.02 0.09 0.75 NS 0.19 -0 .09 0.75 ** 0.18 - 0.01 0.96 NS
+ 6/SlN (mm) • 0.13 0.15 0.15 NS -3.76  --2.95 2.02 ** 0.13 0.18 0.73 NS 0.55 0.15 0.68 ** 0.67 0.31 0.97 **
+ 6/PP (mm) 0.18 0.25 0.60 NS -0.78 --0.31 1.22 ** 0.03 0.06 0.56 NS 0.35 0.04 0.66 ** 0.37 0.08 0.85 *
NS: Not significant. *: P < 0.05. **: PcO.Ol. WF: Wire fixation. RF: Rigid fixation.
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Table 7. Mean changes of mandibular measurements in all patients
Time intervals 
(«)
T,
n=
-T3
160
t 2
n -
- t 3
259
T,
n -
- t 4
239
t4
n —
- t 5
234
T3-T5
«=262
t 2
>1=259
t 5 
//=262
mean SD mean SD mean SD mean SD mean SD mean SD mean SD
S-N-B (°) -0.15 0.69 2.74 1.92 -0.74 0.98 -0.46 0.65 -1.17 1.21 72.94 4.35 74.62 4.42
PP-OP (°) 0.24 2.55 -7.32 4.87 0.99 2.42 1.00 2.03 2.07 3.34 16.11 5.53 10.82 5.52
PP-MP (°) 0.06 1.22 -8.78 5.02 1.27 1.80 0.87 1.40 2.12 2.31 37.58 7.74 30.94 7.48
o p -m p  n -0.17 2.47 - 1.21 4.04 0.16 2.19 -0.16 1.61 - 0.10 2.62 21.48 5.67 20.22 5.49
difficult to distinguish between ortho- 
don tically related postsurgical changes 
and those occurring from skeletal insta­
bility. Dental changes can accentuate or 
conceal skeletal changes. In a two-di­
mensional analysis of cephalometric 
radiographs, it should be kept in mind 
that it is not possible to evaluate the 
transverse stability of the dental arch.
All patients had undergone treatment 
for correction of a severe anterior open 
bite. They were subdivided according to 
the surgical procedures performed, i.e. 
Le Fort I osteotomy versus bimaxillary 
osteotomy, wire fixation versus rigid 
fixation, one-piece Le Fort I osteotomy 
versus multi-segment Le Fort I osteo­
tomy. No statistically different interac­
tions were found between the different 
groups.
The stability of the surgical pro­
cedure was proven not to be influenced 
by gender4, age1,4, growth1,33, ortho­
dontic treatment1,33, amount of surgical 
displacement at Le Fort I level11,16,38, 
maxillary segmentation1,45, period of 
IMF4, or additionally performed genio- 
plasty1,19,45. Statistical analysis in this 
study produced no significant influence 
of orthodontic treatment and per­
formed genioplasty on stability.
The patients in this three-centre 
study were treated by a considerable 
number of different orthodontists and
►
surgeons. This is probably o f  influence 
when evaluating stability. P r o f f it  et 
al.33 found no correlation between 
maxillary stability and the surgeons 
who performed Le Fort I intrusion 
osteotomies. S c h e n d e l  &  E p k e r 40, 
however, suggested in a report on man­
dibular surgery that the skill of the sur­
geon is the most important variable 
when explaining postsurgical stability.
Planning and presurgical orthodontic 
treatment
Many patients with open bites have 
narrow maxillary arches and an accen­
tuated curve of Spee. Orthodontic ex­
pansion often results in buccal tilting of
the bicupids and molars, which can be 
avoided by surgically assisted ortho­
dontic expansion or maxillary segmen­
tation when performing Le Fort I 
osteotomy17. In the present study, or­
thodontic posterior maxillary expan­
sion and levelling of the curve of Spee 
often gave rise to extrusion of the 
maxillary molars. The maxillary in­
cisors generally were extruded and re- 
truded, resulting in a reduction of over­
jet and open bite. A more upright posi­
tion of incisors will be accentuated 
when premolars are extracted.
Presurgical orthodontics should aim 
at elimination of dental compensation 
and alignment of the dental arches as 
much as possible. The mandibular in­
cisors should be retracted and placed 
on the apical basis with a normal axial 
inclination. Maxillary expansion carries 
the risk of relapse with subsequent ex­
trusion of posterior teeth after treat­
ment. Preoperative retrusion of maxil­
lary incisors should be prevented in 
most cases because a Le Fort I osteo­
tomy with posterior intrusion will ac­
centuate the upright position of the 
maxillary incisors. If this movement is 
anticipated, rather more protrusion of 
the maxillary incisors should be con­
sidered presurgicaily17.
s
Postsurgical maxillary stability
The results of this study showed that 
maxillary stability in the horizontal di­
rection was better than in the vertical 
direction. Movements of the maxilla in 
the horizontal direction occurred par­
ticularly in the early postoperative 
period, while changes in the vertical di­
rection were more obvious in the late 
postoperative period. Vertical maxillary 
movements are composed of a skeletal 
and a dento-alveolar component and, 
therefore, maxillary vertical skeletal 
movements have to be corrected for 
intrusions or extrusions of teeth. Ex­
trusion of maxillary molars, for ex­
ample (0.21 mm), formed a main com­
ponent of posterior maxillary down­
ward movement (0.38 mm) in the late 
postoperative period and contributed to 
a downward-backward rotation of the 
mandible (Table 3). Postoperative dis­
placement of teeth can be attributed to 
orthodontic tooth movement, relapse of 
the transverse dimension of the ortho- 
dontically or surgically expanded 
maxillary arch, or continued eruption 
of maxillary molars after the orthodon­
tic treatment. These dento-alveolar 
changes will deteriorate occlusal inter- 
digitation and consequently will reduce 
overbite11*17,21.
Tu r v ey  et al.45 studied simultaneous 
superior repositioning of the maxilla 
and mandibular advancement. They 
compared a group of patients who 
underwent a one-piece Le Fort I osteo­
tomy with a group who underwent a 
multi-segment Le Fort I intrusion 
osteotomy. The multi-segment maxil­
lary group tended to be more stable 
than the one-piece maxillary group for 
at least one year after surgery. We found 
no significant differences in stability be­
tween the two groups in this study, how­
ever, relapse of overbite was significant­
ly less in the multi-segment group in the 
early postoperative period. Extrusion of 
maxillary molars was more pronounced 
in the multi-segment maxillary group in 
the late postoperative period. Segmen­
tation of the maxilla in a Le Fort I 
osteotomy had a minor effect on overall 
maxillary stability and position of the 
mandible. These findings are in accord­
ance with those of B ailey  et al.1
Le Fort I osteotomy
The vertical changes of the maxillary 
incisors and first molars following a Le 
Fort I osteotomy with wire fixation in 
this study were similar to those reported 
in previous studies1,33. P r o ffit  et al.33 
reported that during the first year, the 
vertical position of the maxilla was 
stable in approximately 80% of 61 pa­
tients, who were treated with surgical 
superior repositioning of the maxilla 
and wire fixation. Postsurgical move-
■"4O
Table 8. Mean changes of mandibular measurements after Le Fort I osteotomy versus bimaxillary osteotomy
T, - t 2 t 2-- t 3 t 3-■t4 4 t 4-■t5 T r t 5
Time intervals i B I B I B I B 1 B
osteotomy (88) (72) (138) (121) (124) (115) ( 122) 0 1 2 ) (142) ( 120)
(«) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
S-N-B (°) -0.18 - 0.11 0.69 NS 1.81 3.80 1.62 ** -0.31 - 1.20 0.84 ** -0.33 -0.61 0.63 ** -0.69 -1 .74 1.07 **
PP-OP o - 0.12 0.68 2.41 NS -8.18 ■-6.34 4.36 ** 0.71 1.29 2.24 NS 0.88 1.13 2.03 NS 1.84 2.35 3.17 NS
PP-MP (°) - 0.01 0.15 Î.23 NS -9.27 ■- 8.22 4.81 NS 0.73 1.86 1.63 ** 0.70 0.96 1.41 NS 1.57 2.78 2.13 **
OP-MP (°) 0 .1 1 -0.52 2.34 NS -0.78 --1.70 3.98 NS -0.14 0.48 2.09 * - 0.21 - 0.11 1.62 NS -0.51 0.39 2.48 **
NS: Not significant. *: P < 0.05. **: ¿><0 .0 1 . I: Le Fort I osteotomy. B: Bimaxillary osteotomy.
Table 9. Mean changes of mandibular measurements after a one-piece Le Fort I osteotomy versus multi-segment Le Fort I osteotomy
T, - t 2 t 2-■t3 t 3- t 4 t 4-- t 5 T r■Ts
Time intervals one- multi- one- multi- one- multi- one- multi- one- multi-
segments (94) (66) (173) (86) (155) (84) (151) (83) (171) (91)
(n) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
S-N-B O - 0.10 - 0.22 0.69 NS 2.97 2.27 1.62 ** -0.83 -0.57 0.84 NS -0 .44 -0.50 0.63 NS - 1.21 - 1.10 1.07 NS
PP-OP O 0.22 0.27 2.41 NS —7.93 ■-6.09 4.36 ** 1.31 0.40 2.24 * 1.03 0.95 2.03 NS 2.36 1.52 3.17 NS
PP-MP (°) 0.04 0.09 1.23 NS -9.20  --7.93 4.81 NS 1.40 1.03 1.63 NS 0.86 0.88 1.41 NS 2.22 1.94 2.13 NS
OP-MP (°) -0 .17 -0 .17 2.34 NS -0.97 ■-1.70 3.98 NS - 0.11 0.67 2.09 * 0.13 0.21 1.62 NS -0.32 0.32 2.48 NS
NS: Not significant. *: ¿><0.05. **: P<0.01.
Table Î0. Mean changes of mandibular measurements after a Le Fort I osteotomy with intraosseous wire fixation versus rigid internal fixation
T r- t 2 t 2- t 3 t 3-T4 t 4- t 5 t 3- t 5
Time intervals WF RF WF RF WF RF WF RF WF RF
fixation (92) (68) (147) ( 112) (136) (103) (136) (98) (153) (109)
(«) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
S-N-B (°) -0 .18 - 0.11 0.69 NS 2.83 2.62 1.62 NS -0.91 -0.52 0.84 ** -0.51 -0.39 0.63 NS -1.40 -0.84 1.07 **
PP-OP (°) 0.03 0.53 2.41 NS -7.55 ■-7.02 4.36 NS 1.27 0.62 2.24 * 1.13 0.81 2.03 NS 2.43 1.56 3.17 *
PP-MP (°) 0.16 -0.08 1.23 NS -8.85 ■- 8.68 4.81 NS 1.61 0.82 1.63 ** 1.04 0.64 1.4! * 2.63 1.40 2.13 **
OP-MP (°) 0.14 —0.59 2.34 NS -1.08 --1.38 3.98 NS. 0.28 0.01 2.09 NS -0.19 - 0.11 1.62 NS 0.03 -0.28 2.48 NS
NS: Not significant. *: / ><0.05. **: P<0.01. WF: Wire fixation. RF: Rigid fixation.
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Table IL Mean changes of dcnto-alveolar measurements in all patients
Time intervals 
(»)
T,
n—
-T2
160
t 2
n—
- t 3
259
t 3
n—
- t 4
239
T4
n=
-Ts
234
T,
n —
- t 5
262
t 2
»=259
t 5
/i=262
mean SD mean SD mean SD mean SD mean SD mean SD mean SD
+1 -PP (°) -1.93 6.35 -0.90 4.93 0.36 3,60 0.40 2.88 0.79 4.18 107.21 7,75 107.02 7.52
-  1-MP (°) 0.52 6.10 2.04 4.68 0.22 3.32 -0.15 2.73 0.01 4,03 93.60 8.68 95.44 8.37
- 1-+1 O 1.35 9.86 7.64 6.65 - 1.86 5.41 - 1.12 4.04 -2.92 6.33 121.61 10.49 126.60 10.24
overbite (mm) 0.32 1.62 3.10 2.74 -0.28 1.19 -0.37 0.96 -0.67 1.56 -1.24 2.48 1.24 1.45
overjet (mm) - 1.11 2.53 -4.84 3.02 0.71 1.40 0.75 1.25 1.46 1.97 7.07 2.95 3.71 1.87
ment of skeletal landmarks over 2 mm 
or more was seen in 20% of the cases. 
During the IMF period, the maxilla 
had a tendency to move further su­
periorly, but these changes were fol­
lowed by inferior movement from the 
time of IMF release to one-year follow 
up, therefore, only 6.5%o had 2 mm or 
more net vertical movement from im­
mediate postsurgery to one year. Bi- 
s h a r a  et al.4 found continued anterior 
upward movement of 1.31 mm and a 
posterior upward movement of 0.29 
mm after a mean postoperative period 
of 132 days. B a iley  et al.1 also found, 
respectively, 0.72 mm and 0.15 mm up­
ward movements one year postopera­
tively. In both aforementioned studies, 
wire osteosynthesis was used. A maxil­
lary upward movement during the first 
year after superior repositioning of the 
maxilla when using intraosseous wire 
fixation, is confirmed by other 
authors7,16,18,39. This postsurgical 
movement is most likely related to re­
sorption and remodelling at the osteo­
tomy sites, and is probably enhanced by 
tightening of the suspension wires.
The initial maxillary upward move­
ments within the first postoperative year 
were followed by downward move­
ments4,1,33. According to B a iley  et al.1 
only 6.5% of the patients had 2 mm or 
more downward movements of skeletal 
or dental landmarks at one year after a 
Le Fort I intrusion osteotomy and wire 
fixation, but approximately 25% of the 
patients showed 2 mm or more down­
ward movement of the maxilla and/or 
extrusion of maxillary teeth from one to 
five years postsurgery. The reported dis­
placement of incisor and first molar was 
respectively 1.05 mm and 1.23 mm after 
a five-year follow up. In this study, how­
ever, these values in the late postopera­
tive period were 0.35 mm and 0.55 mm, 
which are considerably less. Postsurgical 
orthodontics, elastic traction and re­
lapse of transverse dimension are poss­
ible explanations for dental extrusion.
L a r se n  e t  a l.28 c o m p a re d  p o s ts u rg i ­
cal maxillary movements in 30 patients 
whose maxillary osteotomies were sta­
bilized with intraosseous wire osteo­
syntheses («= 17) versus those with ri­
gid internal fixation (n= 13). They 
found similar maxillary movement for 
both groups during the first six months 
postsurgery. The maxilla stabilized with 
plate fixation, however, was more stable 
in the period from six months to one 
year, as well as during the overall post­
operative period. K a h n b e r g  et al.34 
also compared both types of fixation in 
a group of 19 patients with anterior 
open bites, who underwent a Le Fort I 
osteotomy. No significant difference 
was found between the group in which 
wire fixation («=9) was used, and the 
group in which plate fixation (>7= 10) 
was used, respectively 6 months and i 8 
months postoperatively. The findings in 
our study were not statistically signifi­
cant either for the early postoperative 
period. Rigid internal fixation, how­
ever, produced significantly better 
maxillary stability than intraosseous 
wire fixation in the late postoperative 
period.
Bimaxillary procedures
There are various reports in the litera­
ture on stability of the maxilla after bi­
maxillary surgery. Few studies have 
quantified maxillary, mandibular and 
dento-alveolar measurements in a man­
ner that permits comparison with the 
results reported in this study. Krek- 
m a n o v  et al.25 reported good stability 
of the maxilla and mandible one year 
after bimaxillary osteotomies. Patients 
with different diagnoses underwent sur­
gical movements of maxilla and man­
dible in various directions and, there­
fore, results were difficult to compare 
with our study. Lello30 determined sta­
bility in ten patients with anterior open 
bite, who underwent a Le Fort I osteo­
tomy with bilateral sagittal split osteo­
tomy stabilized with wire fixation, with 
an average follow up of six-and-a-half
years. Two out of eight patients with a 
Class I or Class II skeletal relationship 
were considered to have more than 1.5 
mm relapse in the horizontal or vertical 
direction. In all patients relapse oc­
curred, particularly in the mandible, 
within the first year postoperatively. 
B r a m m e r  et al,6 reported on stability in
12 patients with vertical maxillary hy­
perplasia and mandibular hypoplasia, 
who underwent a Le Fort I intrusion 
osteotomy and B S S O  with intraosseous 
wire fixation and IMF. Six of the pa­
tients had an anterior open bite, The 
anterior maxillary downward move­
ment was 0.1 mm±1.8 , the posterior 
maxillary upward movement was 2.0
mm±1.3, S-N-A decreased 1.0°±1.8 
and S-N-B decreased 1.2°±1.6 after a 
mean 8 month follow up. Overall sta­
bility was said to be good with minimal 
to moderate tendency to relapse, how­
ever in the present study postoperative 
changes at corresponding variables 
were even less in an equivalent early 
postoperative period.
I a n n e t t i et al.22 found, that the max­
illa underwent more vertical and sagit­
tal displacements 12-18 months after 
bimaxillary osteotomies than after Le 
Fort I osteotomy only. In both groups 
wire osteosynthesis was used. In the 
present study anterior maxillary down­
ward movement was greater in the bi­
maxillary group, probably because of 
less initial upward movement, as seen 
following an isolated Le Fort I osteo­
tomy. T u r v e y  et al 45 confirmed pos­
terior and inferior rotation of the 
maxillomandibular complex following 
bimaxillary osteotomy using wire fix­
ation, during the first year postopera­
tively. Ia n n e t t i et al.22 reported a five- 
year follow up of Le Fort I osteotomies. 
They found no differences in a com­
parison between isolated Le Fort I 
osteotomies and bimaxillary osteo­
tomies in the 15-60-month time inter­
val. In the present study, however, con­
tinuous downward movement of the 
maxilla and extrusion of maxillary mo-
Tabic 12. Mean changes of dento-alveolar measurements after Le Fort I osteotomy versus bimaxillary osteotomy
T] - t 2 t 2- t 3
*
t 3- t 4 t 4- t 5 T_r■Ts
Time intervals I B I B 1 B I B I B
osteotomy (88) (72) (138) (121) (124) (H5) ( 122) (112) (142) ( 120)
(n) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
+ 1-PP (°) -1 .74 -2.17 6.20 NS - 0.68 -1 .15 4.67 NS 0.43 0.28 3.62 NS 0.12 0.71 2.90 NS 0.63 0.97 4.23 NS
— 1-MP (°) 1.64 -0 .85 5.98 * 1.85 2.25 4.77 NS 0.22 0.24 3.22 NS 0.22 -0 .56 2.75 * 0.50 -0.55 3.99 NS
- J - + I  o 0.11 2.86 9.50 NS 8.10 7.11 6.10 NS -1.38 -2.37 5.18 NS -1.13 -1.11 4.12 NS -2.69 -3.19 6.38 NS
overbite (mm) 0.47 0.14 1.61 NS 4.04 2.03 2.25 ** -0.40 -0 .15 1.06 NS -0.38 -0.36 0.95 NS -0.84 -0.47 1.44 NS
overjet (mm) -1.55 -0.57 2.50 * -3.24 -6.67 2.64 ** 0.29 1.16 1.27 ** 0.38 1.15 L20 ** 0.71 2.35 1.77 **
NS: Not significant. *: PC0.05. **: ■
ooV I: Le Fort I osteotomy. B: Bimaxillary osteotomy.
Table 13. Mean changes of dento-alveolar measurements after a one-piece versus multi-segment Le Fort I osteotomy
T, - t 2 t 2- t 3 t 3- t 4 t 4- t 5 t 3-- t 5
Time intervals one- multi- one- multi- one- multi- one- multi- one- multi-
segments (94) (66) (173) (86) (155) (84) ' (151) i
rn00w-' (171) (91)
(n) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
+ 1-PP (°) -2.58 - L 00 6.20 NS 0.28 -3.27 4.67 ** 0.35 0.37 3,62 NS 0.21 0.75 2.90 NS 0.66 1.04 4.23 NS
-1-M P  (°) 0.61 0.40 5.98 NS 1.90 2.32 4.77 NS 0.67 -0 .59 3,22 * -0.26 0.05 2.75 NS 0.15 -0.23 3.99 NS
- 1-+ I (°) 1.93 0.52 9.50 NS 7.02 8.89- 6.10 NS -2.43 -0.81 5.18 NS -0.81 -1.68 4.12 NS -3.02 -2.74 6.38 NS
over bite (mm) 0.32 0.31 1.61 NS 2.87 3.56 2.25 NS -0 .42 - 0.02 1.06 * -0 .29 -0.51 0.95 NS -0.82 -0.58 1.44 NS
overjet (mm) -1.49 —0.57 2.50 NS -4.60 -5 .32 2.64 NS 0.69 0.75 1.27 NS 0.82 0.61 1.20 NS 1.52 1.35 1.77 NS
NS: Not significant. *: P<C0.05. **: PcO.Ol.
Table 14. Mean changes in dento-alveolar measurements after Le Fort I osteotomy with intraosseous wire fixation versus rigid internal fixation
T, - t 2 t 2- t 3 T3- t 4 t 4- t 5 t 3-T5
Time intervals WF RF WF RF WF RF WF RF WF RF
fixation (92) (68) (147) (112) (136) (103) (136) (98) (153) (109)
(.n) mean mean SD P mean mean SD P mean mean SD P mean mean SD P mean mean SD P
+ 1-PP O -2.46 - 1.21 6.20 NS -0.65 - 1.22 4.67 NS 0.38 0.34 3.62 NS 0.37 0.44 2.90 NS 0.74 0.86 4.23 NS
-1-M P  (°) -0 .34 1.69 5.98 * 1.88 2.25 4.77 NS 0.55 -0 .19 3.22 NS -0.27 0.01 2.75 NS 0.16 -0.18 3.99 NS
- 1-+ I O 2.65 -0 .40 9.50 NS 7.63 7.66 6.10 NS -2 .54 -0 .97 5.18 * -1 .14 -1.09 4.12 NS -3 .52 -2.08 6.38 NS
overbite (mm) 0.58 -0.03 1.61 * 3.03 3.19 2.25 NS -0.35 -0.18 1.06 NS -0 .44 -0 .28  0.95 NS -0.78 -0 .52 1.44 NS
overjet (mm) -0.96 “ 1.32 2.50 NS -5.16 -4.42 2.64 * 0.80 0.59 1.27 NS 0.86 0.59 1.20 NS 1.69 1.13 1.77 *
NS: Not significant. *: P<0.05. WF: Wire fixation. RF: Rigid fixation.
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lars was significantly more in the bi­
maxillary group than in the Le Fort I 
group in the late postoperative period. 
Differences of vertical maxillary move­
ments between Le Fort I osteotomies 
and bimaxillary osteotomies were pre­
dominantly caused by dental extrusion. 
The compressive forces as generated by 
the muscles of mastication are expected 
to be lower after bimaxillary osteo­
tomies and, therefore, may have less in­
fluence on maxillary and dento-alveolar 
movements. Accordingly, our findings 
do not support the idea of less maxil­
lary stability if a mandibular ramus 
osteotomy is performed concomi­
tantly22.
The position of the mandible after a 
bimaxillary osteotomy is determined by 
maxillary, mandibular and condylar 
changes (Fig. 3, 4). Condylar changes 
are beyond the scope of this paper, and 
they will be reported elsewhere. Down­
ward maxillary movements, extrusion of 
teeth and movements at the mandibular 
osteotomy sites resulted in an overall S-
N-B reduction of 1.74°. Relapse at the 
mandibular osteotomy site is not poss­
ible when only a Le Fort I osteotomy is 
performed. Skeletal and den to-alveolar 
changes in the maxilla resulted in a 
clockwise rotation of the mandible and a 
S-N-B reduction of 0.69°.
S a t r o m  et al.38 reported adequate 
antero-posterior maxillary stability fol­
lowing Le Fort I intrusion osteotomy 
and mandibular advancement by BSSO 
using wire fixation or rigid fixation in 
patients with maxillary hyperplasia. 
The findings in our study were compar­
able with these results, but were even 
better than those reported by T u r v e y  
et al.45 and H e n n e s  et al.19, who used, 
respectively, intraosseous wire osteo­
syntheses and rigid internal fixation.
However, the superiority of rigid 
fixation in vertical maxillary move­
ments after bimaxillary surgery, found 
by H e n n e s  et al.19 was neither con­
firmed by S a t r o m  et a l 38, nor by our 
findings in an equivalent early post­
operative period.
Previous studies have suggested that 
the improved stability after bimaxillary 
osteotomies is largely due to the use of 
mandibular rigid internal fix­
ation15,19,38. Mandibular relapse in bi­
maxillary osteotomies with wire fix­
ation has been reported as 18% by
B r a m m e r  et al.6, and 20% by T u r v e y  et 
al.45 When rigid fixation is used, greater 
mandibular stability is achieved15,25. 
H e n n e s  et al.19 and S a t r o m  et al.38 re­
ported respectively 1 % and 6%) relapse. 
These percentages are comparable with 
8%) relapse after isolated sagittal split 
advancement osteotomies with rigid 
fixation in non-open bite patients, as re­
ported by V a n  S i c k e l s  et a l46 In our 
study less posterior movement and 
clockwise rotation of the mandible was 
found in the early postoperative period 
when rigid internal fixation was per­
formed. These differences between the 
two groups faded out in the late post­
operative period.
Position of incisors
Skeletal and dento-alveolar instability 
did not result in more relapse of over­
bite and overjet, probably due to com­
pensatory mechanisms. In patients who 
underwent bimaxillary osteotomies, the 
mandible showed an antero-posterior 
relapse and clockwise rotation. These 
mandibular changes resulted in an in­
crease of overjet. However, overbite was 
preserved by anterior maxillary ex­
trusive movement.
In patients who underwent segmen­
tation of the maxilla, extrusion of 
maxillary molars was noticed in the late 
postoperative period. However, those 
changes neither resulted in an increased 
overjet nor in a decreased overbite. 
When internal wire fixation was used 
during surgery, the mandible showed an 
antero-posterior relapse with clockwise 
rotation and resulted in increased over­
jet. The posterior and anterior maxil­
lary downward movements and dental 
extrusion were greater in the wire fix­
ation group, and thus overbite was not 
significantly different in this group as 
compared to the rigid fixation group. 
Dento-alveolar changes of mandibular 
and maxillary incisors in the sagittal 
plane can directly influence the interin- 
cisal relationship. The position of in­
cisors is initially influenced by the or­
thodontic treatment and later by soft 
tissues21 >27. The maxillary incisors were 
orthodontically retruded presurgically 
but relapsed postsurgically. The man­
PRE-OP 
IMM, POST*0 P
—  5 1/2YR POST-OP
Fig, 4. Cephalometric analysis preoperatively, immediately postoperatively and 5^ years post- 
operatively of patient in Fig. 3. Contact between opposing central incisors was achieved im­
mediately postoperatively During the follow-up period, maxillary dento-alveolar posterior 
extrusion and protrusion of maxillary incisors was noticed on head plates. A clockwise ro­
tation of the mandible and backward movement due to unilateral condylar resorption resulted 
in increase of overjet and decrease of overbite.
174 Hoppenreijs et al.
dibular incisors were presurgically pro­
truded but remained stable afterwards. 
These findings are consistent with ob­
servations by McCance et al32, who 
have reported good stability of man­
dibular incisors, but protrusion of 
maxillary incisors at the one-year stage.
Skeletal and dental stability are im­
portant but are only a part of the suc­
cessful treatment. In the evaluation of 
postsurgical clinical results after bi­
maxillary osteotomies, T jrvey et al.45 
assessed facial appearance, overbite and 
overjet. Negative clinical results were 
statistically significantly associated with 
open bite, however, no significant re­
lationship was found with cephalo- 
metric stability. Treatment results can­
not be assessed only clinically, because 
vertical overbite does not reflect skeletal 
and dento-alveolar instability.
Divergent definitions of relapse re­
lated to immediate postoperative over­
bite aré used in various publications. 
Relapse of open bite, i.e. loss of positive 
overbite, in 19% of the patients is gener­
ally in agreement with findings of other 
authors11,17’27,41,43. The cause of skel­
etal and dento-alveolar relapse is multi- 
factorial and the interplay between dif­
ferent factors can vary from one patient 
to another. Overcorrection of the an­
terior overbite by opening the posterior 
occlusion, might be advisable when 
planning a Le Fort I intrusion, and pos­
terior tilting for closure of the anterior 
open bite. A coordinated surgical-or- 
thodontic approach is essential to 
achieve optimal aesthetic and func­
tional results.
Conclusions
From the present study, it can be con­
cluded that:
1. Patients with anterior open bites 
treated with a Le Fort I intrusion 
osteotomy with or without BSSO 
usually exhibit good skeletal maxil­
lary stability.
2. Patients with open bite deformities 
are not more prone to skeletal maxil­
lary instability after Le Fort I in­
trusion osteotomies, as compared to 
patients with other dentofacial de­
formities.
3. Orthodontic treatment and ad­
ditionally performed genioplasty 
had rio significant effects, and seg­
mentation of the maxilla in the Le 
Fort I osteotomy had minor effects 
on maxillary stability.
4. Internal plate fixation rendered
better maxillary stability than in- 
traosseous wire fixation, however, re­
sults in the early postoperative 
period were masked by initial su­
perior movement, when using wire 
fixation.
5. Vertical stability of the maxilla was 
better after Le Fort I intrusion 
osteotomy only, than after a bimaxil­
lary osteotomy.
6. Mandibular stability in bimaxillary 
procedures was better in the early 
postoperative stage, when rigid fix­
ation was performed.
7. Dento-alveolar changes were still 
present in the long term, but did not 
reflect skeletal instability.
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